INTRODUCTION

PROMISING
RECENT development concerning the biaxial strength Aof metallic materials is the concept of texture hardening, which apparently was first recognized by Backofen and his associates (1, 2 It has been shown that the hexagonal close-packed (HCP) crystalline texture, such as found in titanium and beryllium, is especially suitable for texture hardening [1, 2] .
Using the biaxial yield strengths predicted by Hill' s orthotropic plasticity theory [3, 4] , Gerard [5] has shown the weight-saving potential of texture hardening for both spheres and long, closed-end cylinders. However, usually pressure vessels are evaluated on the basis of burst strength rather than yield strength. The experimental burst behavior of texture-hardening materials has been reported in C6_9].
As a basis for more rational material selection and for future alloy development, a theoretical analysis is needed for PTI (plastic tensile instability) in thin-walled pressure vessels made of texture-hardening material. The only such analysis known to the present authors is due to Marin and Sharma [ 10] , but is applicable to cylinders failing due to instability of circumferential loading only. Additional analyses are presented here for axial-load tensile instability of cylinders and bursting of spheres due to internal pressure.
The benefit from using texture-hardening materials is greatest for a biaxial-stress ratio of approximately unity. Thus, Gerard [5] suggested that a very efficient pressure vessel would result if its wall were a composite consisting of resin-impregnated glass (or boron) filaments wound circumferentially to carry one-half of the hoop load at failure and a texture-hardening metallic substrate to carry the rest of the hoop and all of the axial load at failure. This is similar to a design concept used previously [11, 12] with an isotropic metallic substrate.
Wolff and Harvey [13] pointed out that the biaxial-stress ratio, B, increases monotonically during plastic straining of the metal, so that strictly speaking, it would be necessary to use the more complicated incremental or flow theory of plasticity rather than the simpler deformation theory. However Hollomon [15] , is used: Hypotheses 1 through 6 are the bases for Hill's theory of orthotropic plasticity [3, 4] , while Hypothesis 7 is merely a specialization of it. Hu [16] and Budiansky [17] been relaxed [21, 22] . It has been shown recently that Hypotheses 1 and 3 have a negligible effect on the stress at which plastic tensile instability occurs [23] . In short, the hypotheses used here are reasonable on the basis of the current state of the art of plasticity theory.
The material parameter first suggested by Backofen et al [1] , to characterize the anisotropy of a transversely isotropic, texturehardened material is the following true strain ratio:
Larson [24] has suggested that the plastic-range Poisson's ration tt, associated with in-plane deformation be used as a measure of texturehardening anisotropy. It can be shown that ¡..tp and R are related by
Since strength is of more direct importance in ductile failure than strain, the following strength ratio has been proposed as a more significant measure of texture-hardening capability [25] :
where a-zy and ~py are the respective yield strengths in the thickness direction and in the plane of the sheet. The ratios a and R are related by the following expression: Table 1 lists values of R, J-tp, and a determined experimentally for some titanium alloys [6, 8, 9, 24, 26, 27, 34] . (27) . Then the following interpolation formula is used to interpolate between a long cylinder and a zero-length cylinder (sphere): where x ----Sei/Stu, the unprimed quantities denote the isotropic case, the primed quantities denote the texture-hardening case, and the subscripts are as follows: LC -long cylinder, OL -zero-length cylinder, FL -finite-length cylinder.
The results of applying (9) and (10) (6) , it is noted that e~/e~ remains at a constant value (denoted by C1) for a given a and B. Then constancy of material volume requires that ~/~&euro;e=~/&euro;p=&horbar;(l+Ci). Putting these results into (13) yields:
Making use of (1), (6) , and (7), it is found that where Taking the derivative of (15) yields:
Equating the right-hand sides of (14) and (17) (11), (12), (19) , and (20) , yields the following expression for the nominal axial stress at which tensile instability occurs:
where e is the base of the natural logarithms.
From uniaxial tensile instability theory, as given by Marin [31] for example, the nominal ultimate tensile strength is From (16) , (21), and (22) , the following dimensionless result is obtained:
For the case of uniaxial loading in the axial direction (B ~ ~), (23) gives a result of unity, which serves as a check. Figure 2 shows a biaxial-ultimate-strength envelope for two materials, each having the same value of the strain-hardening exponent (n=0.095) : One material is isotropic (a=1) and the other is of the texture-hardening type with a = 1.36. The transitional biaxialstress ratio at which the plastic tensile instability phenomenon changes from hoop to axial (shown as dashed lines in Figure 2 ) is found by equating Sai = BSoi, using values from (8) and (23) for Soi and Sai, respectively. The result is:
TENSILE INSTABILITY IN PRESSURIZED SPHERES
For a thin-walled sphere subject to uniform internal pressure p, the in-surface stresses are given by Then setting dp = 0 for instability and using relations (12) which are applicable to spheres as well as cylinders, the following result is Since (26) Although expression (27) for the sphere stress ratio SolStu is identical to that for a long cylinder subject to the same biaxial stress ratio (B = 1), the nominal hoop stress per unit pressure (so/p) for a sphere is ro/2ho, while for a long cylinder it is twice that, namely ro/ho. Thus, according to the theory presented, a sphere can withstand twice the burst pressure of a long cylinder of the same radius, thick- Using (8), (28) 
